Oxidation of free L-histidine by tert-Butylhydroperoxide.
L-histidine, a commonly used buffer for protein formulations, has the potential to oxidize and form multiple byproducts. Previous studies were performed using metal catalyzed oxidation with Fe(2+) or Cu(2+). We re-examined the oxidation of L-histidine under conditions more appropriate to protein formulations. Solutions of free L-histidine, protected from light, were initially reacted with tert-butylhydroperoxide and the products analyzed by UV absorption spectroscopy, reversed phase HPLC and mass spectrometric analysis and NMR. Experimental parameters investigated were oxidizing agent, pH, temperature, metal ion and metal chelator content. The initial reaction produced a number of known products, along with an unknown product that was identified as 4(5)-imidazolecarboxaldehyde. The reaction was highly pH and oxidizing-agent specific. The product was not observed at pH 5.0 or below, while there was a dramatic increase for reactions carried out at pH 6.0 or above. Addition of FeSO(4) to the reaction dramatically increased the amount of 4(5)-imidazolecarboxaldehyde produced, while addition of the metal chelators EDTA or DTPA completely inhibited the reaction. The presence of oxidants and trace concentrations of metal ions in high purity L-histidine solutions results in the formation of 4(5)-imidazolecarboxaldehyde which has the potential to covalently modify proteins.